Aims/Introduction: The increased mortality risk associated with diabetes is well established. The aim of the present study was to determine the causes of death of people with type 2 diabetes in Ayrshire and Arran, Scotland, between 2009 and 2014, and compare them with the national mortality rates. Materials and Methods: The primary causes of death were collated. The causes of death were clustered into nine categories: heart disease, stroke, infection, renal failure, respiratory disorders, cancer, mental health, decompensated diabetes and other. The total rates were compared with national rates using the standardized mortality ratio (SMR), and then individually with heart disease, cerebrovascular disease and cancer. Results: There were 2116 deaths with the SMR, and 145 of those were caused by type 2 diabetes (n = 16,643; 95% confidence interval 139-152; P < 0.01). The SMR was >100 in all age bands, particularly in the younger age bands (P < 0.01). The SMR was consistently higher for women (P < 0.01). The SMR for heart disease was significantly >100 for both sexes in all age bands <65 years (P < 0.05). There was no difference in mortality causes related to the duration of diabetes. The most common cause of death was cancer (27.8%), followed by heart disease (24.1%). The SMR for cancer deaths was significantly elevated in women (120, 95% CI 104-137; P < 0.05).
INTRODUCTION
The increase in mortality risk associated with diabetes is well established 1- 16 . Mortality rates among people with type 2 diabetes compared with the general population appear to vary significantly depending on the glycemic control, age, duration of diabetes, renal complications and ethnicity 1- 16 . The ultimate goal of the treatment of patients with type 2 diabetes is to improve the quality of life and to reduce the mortality rate to a level comparable to individuals without diabetes. The patterns of mortality appear to be changing, and a significant decline in mortality from cardiovascular disease (CVD) in both the general and type 2 diabetes populations has been reported [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] . The excess in mortality among type 2 diabetes patients in the past has been mainly attributable to cardiovascular disease 1-16 , particularly myocardial infarction. The Steno-2 Study, carried out from 1993 to 2010 10, 11 , plus numerous other studies 1-9,12-, 16 have shown that aggressive multifactorial cardiovascular treatment of type 2 diabetes patients significantly reduces the risk of CVD and death. Furthermore, a number of studies suggest that the gap between the diabetes and non-diabetes populations is narrowing [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] . Improved diabetes-related medical care plus more aggressive treatment strategies based on targeting multiple risk factors have now been recommended and implemented in the clinical care of people with type 2 diabetes [17] [18] [19] .
The aims of the present study were to investigate the age profile of the deaths among people with type 2 diabetes in Ayrshire and Arran, Scotland. The study compared the deaths with the standardized mortality ratio (SMR), the expected and actual number of deaths over the 5 years, and the standardized mortality ratio for each age band. We also investigated specific causes (heart disease, stroke and cancer) for men and women in each age banding. In addition, we determined the effect of the duration of diabetes on mortality risk (<5 years, 5-10 years and >10 years).
METHODS
A total of 46 out of 55 general practices in National Health Service (NHS) Ayrshire and Arran, covering 85% of the total patient population (aged >18 years) of Ayrshire and Arran, contributed data from their practice computer systems. Data were provided both in 2009 and in 2014. There was no significant difference in the prevalence of diabetes between practices that did and did not provide data (5.5% vs 5.7%, v 2 = 3.3, P = 0.07).
For the period under investigation, all conditions were coded in accordance with the International Classification of Diseases, 10th Revision 20 . The General Practice EMIS data were linked to the national death records by the Information Services Division of NHS National Services Scotland. Generation of the linked dataset was approved by the Clinical Governance Department, NHS Ayrshire and Arran, and Caldicott Guardian approval was obtained from each general practice. The causes of death were attributed to one of nine categories: heart disease, stroke, infection, renal failure, respiratory disorders, cancer, mental health, decompensated diabetes and other.
The duration of diabetes was calculated as the time between diagnosis and either death or the study end date. SMR was calculated from Scottish mortality rates over the same period (estimated from National Records of Scotland Vital Events Reference Tables 2015) using the same age profile as the cohort. SMR confidence intervals were calculated using Byar's method, which is accurate for observed frequencies of five or more 21 . For smaller observed frequencies, an exact method based on the Poisson distribution was used 22 . National data only gives mortality rates from specific causes (heart disease, cerebrovascular accidents and cancer) for each sex separately, so comparisons with national data are shown separately for men and women.
RESULTS
At the start of the study period in 2009, there were 10,679 people with type 2 diabetes in the cohort. At the end of the study in 2014, 1,764 people had died, giving a mortality rate over the 5-year period of 165.2 per 1,000 people. By comparison, the Scottish mortality rate over the same period, using the same age profile, was estimated as 113.7 per 1,000 patients. Hence, the SMR for people with type 2 diabetes in the cohort was 145. The SMR for people with type 2 diabetes was >100 (aged >35 years) and was greater in the earlier age bands, decreasing as age increased. Table 1 also shows separate SMRs for men and women. The SMR was consistently higher for women.
Specific causes of death
The distribution of cause of death by sex is shown in Table 2 . The main cause of death was cancer (28%), followed by heart disease (24%). These two categories accounted for over half of all deaths. There was a statistically significant difference by sex (P = 0.02), with more male deaths from cancer and heart disease, and more female deaths in all other categories.
Heart disease
The SMR for patients with type 2 diabetes deaths from heart disease was >100 for both sexes in all age bands (>35 years), except the oldest (≥85 years). In men, however, the increase in SMR was not significant in the 35-54 years age groups. SMR's generally decreased with age and were consistently higher for women ( Table 3) .
Stroke
The number of deaths from stroke was small. The SMRs for people with type 2 diabetes deaths from stroke was significantly >100 only for ages 55-74 years for both men and women. SMRs generally decreased with age, and the overall SMRs were similar for both men and women (Table 3) .
Cancer
The overall SMR for men with type 2 diabetes was not significantly different from the national population. For women with type 2 diabetes, the overall SMR was higher. Within the age bands, there was no clear pattern, but for both men and women the SMRs for the 65-74 years age band were significantly higher. The SMR for men aged >85 years was below the national population ( Table 3) .
Effect of duration of type 2 diabetes on SMR
Within the study period (2009-2014), 12.7% (2116) of people with type 2 diabetes died, this included 352 patients who were newly diagnosed within the study period: mortality was 10.1% (632) for those with duration of type 2 diabetes of <5 years; mortality was 14.7% (786) for those with duration of type 2 diabetes of 5-10 years and 13.9% (698) for those with duration of >10 years. However, causes of death were broadly similar across all three duration groups, and there were no significant differences in cause of death by duration (P = 0.07; Table 4 ). National mortality data were available for three categories: cancer, stroke and heart disease. Table 5 shows SMR by sex and diabetes duration for these causes, as well as all-cause SMR based on the age profile of the duration groups. SMRs for men were higher for those with duration of diabetes of <10 years for all causes except stroke. For heart disease, the SMR for those with duration of diabetes between 5 and10 years was 175. SMRs for women were again highest in those with diabetes between 5 and10 years for all causes except heart disease. The SMR for women with type 2 diabetes from heart disease was high for all diabetes durations, rising from 154 for those with diabetes for <5 years, to 214 for those with diabetes for >10 years.
DISCUSSION
The present study confirmed that all-cause mortality for people with type 2 diabetes remains higher than in the non-diabetes population. The SMR for women with type 2 diabetes was 148, and for men with type 2 diabetes was 136. These SMR results are very similar to the relative risk of mortality associated with type 2 diabetes compared with a diabetes-free population from a Scottish study published in 2016 23 . The SMR in the present study was greater in the earlier age bands, decreasing as age increased, and was consistently higher in women than men. The commonest cause of death in our cohort was cancer, followed by heart disease and then respiratory conditions. The duration of diabetes did not impact on the causes of death.
The evidence base for managing type 2 diabetes and preventing complications has improved greatly 1-16 . Aggressive cardiovascular risk factor management, glycemic control studies and smoking cessation have shown better cardiovascular outcome 1- 16 . In addition, there has been significant improvement in diabetes management in Scotland and the rest of the UK due to the Quality and Outcomes Framework payments made to general practitioners for the management of type 2 diabetes, hypertension, dyslipidemia and other chronic diseases 24 . Furthermore, the management of type 2 diabetes in general practice is very much guideline-driven [17] [18] [19] .
The recent Asia Pacific Cohort Studies Collaboration metaanalysis 25 involving nearly 1 million participants showed that after controlling for major vascular risk factors, diabetes roughly doubled the risk for occlusive vascular mortality among men, but tripled the risk among women. That meta-analysis 25 was consistent with previous studies showing that increased mortality in type 2 diabetes was mainly attributable to cardiovascular disease 1-16 . Unlike the present study, that meta-analysis was undertaken before the widespread use of statin therapy and antihypertensive medications 26 . The researchers found that diabetes conferred an increased risk of mortality for all age groups studied, particularly in women. The risk conferred by diabetes was especially high among women aged 35-59 years, with a nearly sixfold higher occlusive vascular death rate in this age group. Absolute vascular death rates were higher for men with diabetes than for women with diabetes. As women without diabetes have the best prognosis, diabetes conferred a higher relative risk among women than among men. In that metaanalysis 26 , the death relative risks for cancer mortality were considerably smaller (relative risk 1.17) than for vascular causes, and did not differ between men and women with diabetes. Cancer is the second leading cause of death worldwide 26 , and is recognized in the UK and USA to be more common in men than women 27 . The present study is the first study to show that cancer is the major contributing cause of the increase in all-cause mortality seen in type 2 diabetes patients in the UK. In men with type 2 diabetes, the increase in cancer SMR was not significantly greater than in men without diabetes. In women with type 2 diabetes, the increase in cancer SMR was significantly greater than in women without diabetes. This might reflect both an increase in cancer prevalence and an improvement in the management and outcome of cardiovascular disease in women with type 2 diabetes.
Obesity, type 2 diabetes and cancer appear to be linked 28, 29 . A recently published meta-analysis, including 20 million individuals, showed that diabetes is a risk factor for all-site cancer for both men and women 28, 29 , and the excess risk of cancer, as in the present study, was greater for women than men 29 . Type 2 diabetes and cancer have many modifiable risk factors in common, including obesity, physical activity, diet, alcohol, smoking and long latency periods before clinically manifesting 28, 29 . Type 2 diabetes appears to be an independent risk factor for pancreatic, endometrial, liver, colorectal, bladder and breast cancer 29 . Possible mechanisms linking diabetes with cancer include hyperglycemia and hyperinsulinemia (endogenous or exogenous), plus alterations of the insulin-like growth factor system, chronic subclinical inflammation, abnormalities in sex hormone metabolism, adipokines and possibly antidiabetes medication used in the management of type 2 diabetes [28] [29] [30] [31] [32] [33] [34] [35] [36] . In addition, hyperglycemia might induce oxidative stress, which could promote the formation and expression of advanced glycation products and their receptors. This interaction could activate numerous cell signaling pathways, which promote carcinogenesis and cell invasion 35, 36 . Furthermore, through multiple cellular signaling cascades, enhanced insulin and insulinlike growth factor could promote cell proliferation and growth 36 . The sex differences for the associations of diabetes and some cancers (e.g., gastrointestinal) might be shown through several alternative underlying mechanisms. The sex differences could be attributable to poorer glycemic control in women 28, 36 , longer period of "prediabetes" in women 28, 36 and various sex hormone-binding globulins, which might affect the bioavailability of estrogen in both sexes and bioavailable testosterone in women 28, 29 . In addition, the increased mortality as a result of cancer in type 2 diabetes patients has been attributed to the cancer treatments, underlying disease, antidiabetes medication, plus acute and chronic complications of diabetes, such as renal and cardiovascular diseases 28 . Mortality rates and causes of death in patients with type 2 diabetes vary according to ethnicity. The mortality caused by CVD, which was the leading cause of death among diabetes patients in the USA, declined by 32% every 10 years among people with type 2 diabetes 8, 9, 15, 16 . The rate of decline of CVD death was significantly greater among those with type 2 diabetes than those without diabetes 8 . Approximately 70% of the participants in that study were non-Hispanic white people, and the decrease of the death rate due to CVD was consistent with the results of studies undertaken in white people reported in other developed countries 1-16 . In Japan, however, the proportion of total deaths from cancer in patients with type 2 diabetes has continued to rise and exceeds that from vascular causes (proportion of deaths in patients with diabetes in 2001-2010; vascular disease 14.9%, cancer 38.3%) 15, 16 . This increase in cancer death among type 2 diabetes patients has continued, despite the proportion of total deaths due to cancer in the general population slightly decreasing over this period 15, 16 .
One of the major strengths of the present study was the accuracy of the general practice data collected. Limitations in using death certificate data are well recognized with most of the attention being focused on whether or not the death certificates in people with diabetes refer to the diabetes 36, 37 . In the present study we knew which individuals had type 2 diabetes and therefore diabetes did not have to appear on the death certificate. The present study had a number of limitations. The study was not large enough to investigate the types of cancer associated with type 2 diabetes. In addition, we were unable to determine the pre-morbid body mass index, level of glycemic control, the diabetes complications plus the antidiabetic medication that the patients were taking.
Understanding the primary cause of excess mortality in type 2 diabetes patients is important in order to determine the interventions needed to decrease mortality rates. Further intervention is still required to reduce CVD death in both men and women. Why cancer death is more common in women with type 2 diabetes compared with women without diabetes is not clear and requires further investigation. Obesity appears to increase the risk of both diabetes and cancer, making lifestyle change even more important. Should greater consideration be given for cancer as a complication of diabetes and screening integrated into the follow up of patients with type 2 diabetes, particularly women? The present study was undertaken in a relatively deprived area of Scotland, where the uptake of antihypertensive medication and statin therapy is high 38 , and the population predominantly Caucasian (>98%). Further work is required to investigate the links between diabetes and cancer, types of cancer, and the role of modifiable and non-modifiable risk factors, including hyperinsulinemia, hyperglycemia, antidiabetes medication, obesity and ethnicity.
